Chapter 1 

Overview of Optical 
Communications 


Optics 

Optics is an old subject involving the generation, propagation 
& detection of light. 

Three major developments are responsible for rejuvenation of 
optics & its application in modem technology: 

1- Invention of Laser 

2- Fabrication of low-loss optical Fiber 

3- Development of Semiconductor Optical Device 

As a result, new disciplines have emerged & new terms describing them 
have come into use, such as: 

- Electro-Optics: is generally reserved for optical devices in 
which electrical effects play a role, such as lasers, electro-optic 
modulators & switches. 


Photonics 


Optoelectronics: refers to devices & systems that are 
essentially electronics but involve lights, such as LED, liquid 
crystal displays & array photodetectors. 

Quantum Electronics: is used in connection with devices & 
systems that rely on the interaction of light with matter, such 
as lasers & nonlinear optical devices. 

Quantum Optics: Studies quantum & coherence properties of 
light. 

Lightwave Technology: describes systems & devices that are 
used in optical communication & signal processing. 

Photonics : in analogy with electronics, involves the control of 
photons in free space and matter. 


Optical (or Photonic) Communications 

Photonics reflects the importance of the photon nature of light. Photonics 
& electronics clearly overlap since electrons often control the flow of 
photons & conversely, photons control the flow of electrons. 

The scope of Photonics: 

1- Generation of Light (coherent & incoherent) 

2- Transmission of Light (through free space, fibers, imaging systems, 
waveguides, ... ) 

3- Processing of Light Signals (modulation, switching, amplification, 
frequency conversion, . . .) 

4- Detection of Light (coherent & incoherent) 

Optical Communications: describes the applications of 
photonic technology in communication devices & systems, 
such as transmitters, transmission media, receivers & signal 
processors. 
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Why Optical Communications? 

□ Extremely wide bandwidth: high carrier frequency ( a wavelength of 
1552.5 nm corresponds to a center frequency of 193.1 THz!) & 
consequently orders of magnitude increase in available transmission 
bandwidth & larger information capacity. 

□ Availability of very low loss Fibers (0.25 to 0.3 dB/km), high 
performance active & passive optical components such as tunable 
lasers, very sensitive photodetectors, couplers, filters. 

□ Low cost systems for data rates in excess of Gbit/s. 

□ Optical Fibers have small size & light weight. 

□ Immunity to electromagnetic interference (high voltage transmission 
lines, radar systems, power electronic systems, airborne systems, ...) 

□ Electrical Isolation -> Lack of EMI cross talk between channels 

□ Signal security 

□ Abundant raw materials. 


ADVANTAGES OF OPTICAL FIBERS 


1 . VERY HIGH INFORMATION CARRING CAPACITY. 

2. LESS ATTENUATION (order of 0.2 db/km) 

3 . SMALL IN DIAMETER AND SIZE & LIGHT WEIGHT 

4. LOW COST AS COMPARED TO COPPER (as glass is made from 
sand.. the raw material used to make OF is free. . ..) 

5 . GREATER SAFETY AND IMMUNE TO EMI & RFI, MOISTURE & 
CORROSION 

6. FLEXIBLE AND EASY TO INSTALL IN TIGHT CONDUITS 

7. ZERO RESALE VALUE (so theft is less) 

8. IS DIELECTRIC IN NATURE SO CAN BE LAID IN 
ELECTICALLY SENSITIVE SURROUNDINGS 

9. DIFFICULT TO TAP FIBERS, SO SECURE 

10. NO CROSS TALK AND DISTURBANCES 


Characteristics of 
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DISADVANTAGES OF OPTICAL FIBERS... 


1. The terminating equipment is still costly as compared to copper 
equipment. 

2. Optical fiber is delicate so has to be handled carefully. 

3. Last mile is still not totally “fiberized” due to costly subscriber premises 
equipment. 

4. Communication is not totally in optical domain, so repeated electric - 
optical - electrical conversion is needed. 

5. Optical amplifiers, splitters, MUX-DEMUX are still in development 
stages. 

6. Tapping is not possible. Specialized equipment is needed to tap a fiber. 

7. Optical fiber splicing is a specialized technique and needs expertly 
trained manpower. 

8. The splicing and testing equipments are very expensive as compared to 
copper equipments. 


APPLICATIONS OF OPTICAL FIBERS... 


1 . LONG DISTANCE COMMUNICATION BACKBONES 

2. INTER-EXCHANGE JUNCTIONS 

3. VIDEO TRANSMISSION 

4. BROADBAND SERVICES 

5. COMPUTER DATA COMMUNICATION (LAN, WAN etc..) 

6. HIGH EMI AREAS 

7. MILITARY APPLICATION 

8. NON-COMMUNICATION APPLICATIONS (sensors etc. . .) 
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Comparison with Other Media 

(cont’d) 
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Evolution of Light wave systems 

1 st Generation: The development of low-loss fibers and semiconductor lasers 
(GaAs) in the 1970‘s. 

A Gallium Arsenide (GaAs) laser operates at a wavelength of 0.8 u m. The optical 
communication systems allowed a bit rate of 45Mbit/s and repeater spacing of 
10km. 



Example of a laser diode. 
(Ref.: Infineon) 



Evolution of Lightwave systems 

2 nd Generation: The repeater spacing could be increased by operating the 
lightwave system at 1 .3 u m. The attenuation of the optical fiber drops from 2- 
3dB/km at 0.8 u m down to 0.4dB/km at 1 .3 u m. Silica fibers have a local minima at 
1 .3 u m. 




2 nd Generation: The transition from 0.8 u m to 1 .3 u m lead to the 2 nd Generation of 
lightwave systems. The bit rate-distance product can be further increased by using 
single mode fibers instead of multi-mode fibers. 

Single mode fibers have a distinctly lower dispersion than multi mode fibers. 

Lasers are needed which emit light at 1.3 u m. 



3 rd Generation: Silica fibers have an absolute minima at 1 .55 u m. The 
attenuation of a fiber is reduced to 0.2dB/km. Dispersion at a wavelength of 
1 .55 u m complicates the realization of lightwave systems. The dispersion could 
be overcome by a dispersion-shifted fibers and by the use of lasers, which 
operate only at single longitudinal modes. A bit rate of 4Gbit/s over a distance of 
100km was transmitted in the mid 1980‘s. 
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Traditional long distance single channel fiber transmission system. 
Ref.: H. J.R. Dutton, Understanding optical communications 
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3 rd Generation: The major disadvantage of the 3 rd Generation optical communication 
system is the fact that the signals are regenerated by electrical means. The optical 
signal is transferred to an electrical signal, the signal is regenerated and amplified 
before the signal is again transferred to an optical fiber. 

4 th Generation: The development of the optical amplifier lead to the 4 th Generation of 
optical communication systems. 
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Schematic sketch of an erbium-doped fiber amplifier (EDFA). 
Ref.: S.V. Kartalopoulos, Introduction to DWDM Technology 


Evolution of Lightwave systems 
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LD|Mod| = Laser Diode + Modulator [r£] = Receiver 
= WDM Optical amplifier 


DISP-C = WDM Dispersion compensation 
EQUAL. = WDM Equalization 
OADM = Optical Add-Drop Multiplexer 


State of the Art optical communication system: Dense Wavelength Division 
Multiplex (DWDM) in combination of optical amplifiers. The capacity of optical 
communication systems doubles every 6 months. Bit rates of 1 0Tbit/s were 
realized by 2001. 

Ref.: S. Kartalopoulos, WDWM Networks, Devices and Technology 


Evolution of fiber optic systems 
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1950s:Imaging applications in 
medicine & non-destructive testing, 
lighting 

1960s:Research on lowering the fiber 
loss for telecom, applications. 

1970s: Development of low loss 
fibers, semiconductor light sources & 
photodetectors 

1980s:single mode fibers (OC-3 to 
OC-48) over repeater sapcings of 40 
km. 

1990s: Optical amplifiers (e.g. 
EDFA), WDM (wavelength division 
multiplexing) toward dense- WDM. 
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Optical Fiber communications, 3 rd ed.,G.Keiser,McGrawHill, 
2000 


Major elements Of typical photonic comm link 
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Optical Fiber communications, 3 rd ed.,G.Keiser,McGrawHill, 2000 


Installation of Fiber optics 
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Optical Fiber communications, 3 rd ed.,G.Keiser,l\/lcGrawHill, 2000 


WDM Concept 
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Optical Fiber communications, 3 rd ed.,G.Keiser,McGrawHill, 2000 


